Abstract Large-scale biogeographical shifts in forest tree distributions are predicted in response to the altered precipitation and temperature regimes associated with climate change. Adaptive forest management to climate change experienced in either stable or rapidly changing environments must consider this fact when carrying out reforestation programs or specifically assisted population migration for conservation purposes. The aim of this study was to compare field performance of eleven seed sources of Aleppo pine outplanted in core and marginal habitats and to assess their phenotypic plasticity for further screening under specific conditions in particular reforestation areas. We hypothesize that current marginal habitat due to low temperature is shifting toward conditions found on the core habitat and that current core habitat will shift toward warmer and drier marginal habitat. Our study reproduced real conditions of reforestation in potential future climatic conditions. Results suggest that it is difficult to predict Aleppo pine provenances' performance in different natural sites from their performance at a single location, even though 'Levante interior' and 'La Mancha' seed sources showed the best overall response among 
Introduction
Mediterranean regions, transitional climatic zones between arid and humid regions of the world, are areas where global climate change is expected to have the greatest impacts. These areas are particularly prone to degradation because of the combination of climate change and human activities leading to increased habitat fragmentation, deforestation and land abandonment (Cortina et al. 2013 ). Climate change is triggering vegetation rangeshifts in Europe where these changes are expected to result in the northward shift of Mediterranean ecosystems (IPCC 2001) . Quézel and Médail (2003) pointed that global change should induce an altitudinal shift from one vegetation stage to another over the Mediterranean basin and thus, the theoretical limit between species should quickly shift in elevation and in latitude with climate changes (Vennetier et al. 2007 ). Moreover, Metzger et al. (2008) reported that Mediterranean North and Mediterranean Mountain environments are predicted to shift, respectively, to South and North Mediterranean, indicating a potential expansion of deserts habitats, and an increased risk of forest fires and drought. Despite the uncertainties surrounding climate change projections over the Mediterranean region, the latest and most advanced sets of global and regional climate model simulations give a collective picture of a substantial drying and warming of the Southern and Eastern parts of Spain; precipitation decreases by -20 to -30 % and warming increases by 4-5°C, depending on the scenario (Giorgi and Lionello 2008; Garrido et al. 2012) .
Individual species responses to such changes will depend on ecological and evolutionary factors such as niche breadth, competitive ability, phenotypic plasticity and adaptability (Soto et al. 2010) . The responses of long-lived plant species to changes in environmental conditions are determined by the capacity of individuals to alter their structure and function to novel environments (i.e. phenotypic plasticity), adapt through natural selection or migrate (Matesanz and Valladares 2013) . In this sense, mitigation and adaptation to climate change is of paramount importance in current and future restoration plans (Atzmon et al. 2004; Vallejo et al. 2012) .
Climate change adaptation strategies such as assisted migration, defined as the movement of species and populations to facilitate natural range expansion in direct management response to climate change, have gained more interest during last decade (Williams and Dumroese 2013) . Effective implementation of assisted migration can only occur if target transfer guidelines are developed because current seed transfer guidelines, established to guide the movement of plant materials, lack inherent spatial and temporal dynamics associated with climate change (Potter and Hargrove 2012) .
Restoration of the Mediterranean regions is currently carried out using many native tree species taking into account other objectives than productivity, i.e. plant biodiversity and functionality, soil conservation, climate change mitigation, among others (Hernández et al. 2010; Vallejo et al. 2012) . Aleppo pine (Pinus halepensis Mill.) is preferentially chosen for reforestation because of low-technical requirements for nursery production and high-resistance to drought and degraded environments (del Campo et al. 2007a ). Although it is considered a pioneer species and favours establishment of late successionals, Aleppo pine is also considered part of the climax community (Quézel and Médail 2003) . However, forest restoration with Aleppo pine in the Mediterranean presents high variability in the establishment success, mainly due to variation in site quality and stock quality (del Campo et al. 2007b) . In addition, the use of unsuitable seed sources for afforestation dramatically decreases the chances of success (Zobel and Talbert 1984) , especially on cold and drought-prone sites (Oliet et al. 2013) .
In Spain, P. halepensis has a total of twenty regions of provenance (Alía et al. 2009 ), defined as territories subjected to almost uniform ecological conditions and consisting of populations which present analogous phenotypic or genotypic features (Esteban et al. 2010 ). Gandullo and Sánzhez-Palomares (1994) reported climatic, physiographic and edaphic variables throughout the geographic area occupied by the species in 131 experimental sites. They defined marginal interval as that one encompassing the lowest or highest 10 % of the values in a variable, whereas the core interval encompasses the 10-90 % range. On a site, the higher the number of key ecological variables falling out of the central interval the higher the marginality of that habitat for the species.
The existence of genetic differentiation between populations is a key aspect of adaptation to different environments in forest trees (Schiller and Atzmon 2009 ). Marked differences among Aleppo pine populations in terms of growth and survival have been reported (Bariteau 1992; Atzmon et al. 2004) . Common garden studies assessing Aleppo pine intraspecific variability revealed adaptive variation to climate (Voltas et al. 2008; Atzmon et al. 2004) , which demonstrated the selective role of climate variables in determining populations fitness in this species (Climent et al. 2008) . Agúndez et al. (1997) reported that Aleppo pine selection for drought and frost tolerance has led to adaptation of provenances. The contribution of local adaptation and plasticity across populations to the persistence of species under present and future climate change could be decisive (Benito-Garzón et al. 2011) . High adaptive phenotypic plasticity would decrease the risk of species loss due to climate change by improving phenotypes suited to the new environments (Matesanz and Valladares 2013) . Identifying how populations grow and survive in response to climate constitutes a key element for a deeper understanding of ecosystems dynamics in a changing environment and should be considered in reforestation activities (Oliver et al. 2012; Potter and Hargrove 2012) .
Reforestation guidelines that focus on local seed sources may become irrelevant, as these stocks will not be adapted to the new environmental conditions (Williams and Dumroese 2013) . The need to analyse plant material responses to environmental conditions in order to develop effective reforestation policies and to cope with the new environmental cues from climate change has long been put into writing and is currently among the research priorities for most international organizations (EFI 2009; United Nations et al. 2011; FAO 2013) . In this sense, investigation of how different seed sources (i.e. plant material from which forest reproductive material is derived) of Aleppo pine respond to extreme environmental conditions in strongly contrasting environments renders valuable information for the current afforestation programmes of degraded regions and to manage the prospect assisted migration of this species.
We address the question of whether current core habitats for Aleppo pine can shift towards more marginal habitats where drier provenances could perform better than local provenances in such situations. At the same time, current marginal habitats for the species (high altitude belts) could be suitable in the near future, as they become core habitats (and thus, marginal for other species). The aim of this study is to build and expand the knowledge of several Aleppo pine seed sources by assessing their performance (survival and growth) and their phenotypic plasticity under three different and contrasting climatic conditions within the natural distribution of the species, and to provide knowledge on seedling adaptive transfer in ecological restoration, tree breeding and conservation of genetic resources. Three sites, representing the dry situation (shift from core to drier marginal habitat), the cold situation (shift from cold marginal to core habitat) and the current core habitat for the species, are compared. The predicted response of growth and survival of the different seed sources under the expected climate change in the core and marginal habitats was also addressed throughout this study. In this context, our results allow for further screening for specific conditions, such as drought and low temperature events, to help reforestations programs and provide knowledge to potential assisted migration efforts.
Materials and methods

Plant material
Eleven seed sources (basic materials) of Pinus halepensis were selected considering not only spatial distribution but also environmental heterogeneity, prioritizing those that represent contrasted environments (Table 1) . This selection covers most of the climatic and ecologic regions of the natural range of this species in Spain with a wide spectre of molecular and phenotypic variation (Climent et al. 2008; Voltas et al. 2008; Grivet et al. 2009 ). These seed sources correspond to nine Spanish provenances defined for the species (Alía et al. 2009 ) and two seed orchards (Table 1) .
Seed lots were collected as open-pollinated bulk populations either from seed sources or stands and grown as 1-year-old container stock in a public nursery located in Centro Nacional de Mejora Genética Forestal de Alaquàs, Valencia (Spain), in growing years 2008 and 2009. Seedling lots were grown as one-year-old container stock under the standard conditions for the species (shade-house, 33 weeks, 200 cm 3 container, sphagnum peat and a 15-4-7.5 slow release controlled fertilizer added at 7 g l -1
). During nursery culture, plant materials were arranged in a randomized block design with four replicates in order to avoid important differences in stock quality associated with microsite differences in the nursery benches. However, stock differed slightly among seed sources. Stock dimensions (average and standard deviation) in the 2008 stock were height: 35.4 ± 8.0 cm, stem diameter at root collar: 4.4 ± 0.59 mm, total dry biomass: 8.38 ± 2.51 g, shoot/root: 3.18 ± 1.18 g g , N concentration (needles): 2.21 ± 0.13 %, root growth potential: 43 ± 24 mg of new roots in optimum conditions (del Campo et al. 2007a) . The values for the 2009 stock were respectively: 18.2 ± 2.1 cm, 2.97 ± 0.32 mm, 2.88 ± 0.63 g, 1.73 ± 0.34 g g -1 , 1.91 ± 0.08 %, 8.3 ± 4.1 mg, much lower due to the cooler climate conditions during that year in the nursery.
Site selection and characterization
The study was performed in three climate-contrasting sites in Eastern Spain (Table 2) , encompassing zones in both core and more marginal habitats of this species in Spain (as defined by Gandullo and Sánchez-Palomares 1994) . The three sites have similar soil characteristics (especially depth) and naturally regenerated Aleppo pine trees (Table 2) . The Granja d'Escarp site is located in the province of Lleida, NE Spain, and represents the driest site. It was chosen to represent the shift from current core habitat to marginal dry habitat. This area has a dry continental Mediterranean climate with cold winters and hot dry summers. The site is located in the provenance region of Aleppo pine 'Cataluña Interior' and borders 'Ibérico Aragonés' and 'Monegros Depresión del Ebro' provenances.
The Tramacastiel site is located in Monte UP 283, south of Teruel province (centraleastern Spain), and represents a current marginal habitat for the species (cold) that could become core habitat with climate change, and thus marginal habitat for species, such as Pinus nigra or Juniperus thurifera. The site is characterized by a continental mountain climate where frosts are common from November to April. Summer drought is mitigated by altitude and storms. Before a wildfire in 1994, this area was occupied by a natural stand of Pinus nigra, P. pinaster and Juniperus thurifera, whereas P. halepensis was minority. Since the fire, minimal natural regeneration of these species has occurred whereas Aleppo pine saplings are becoming present. This site is located in the Aleppo pine provenance region 'Maestrazgo-Los Serranos'.
The third site acts as a control site (La Hunde, Ayora, Valencia, SE Spain) and belongs to a core habitat of the species according to Gandullo and Sánchez-Palomares (1994) . Aleppo pine forest, either naturally regenerated or planted, is the most common vegetation type on the landscape. This site is located in the Aleppo pine provenance region 'Levante Interior'. Climatic variables for the three sites were monitored from weather stations located in the vicinity of the experimental plots.
Site preparation, planting works and experimental layout
The trials Granja d'Escarp and Tramacastiel were established in February 2010 whereas the trial site La Hunde was established in February 2009. The sites selected for trials were all considered suitable for forest field experimentation. Seedlings were outplanted using standard reforestation techniques.
Before outplanting, sites were disked and each planting hole (0.5 9 0.5 9 0.4 m) was opened with a backhoe excavator. Experimental layout was a randomized complete block design with three blocks. Each seed source was represented by thirty-three trees per block for a total of ninety-nine trees per experimental site (1.089 seedlings per site). Seedlings were outplanted in rows and spaced 2.5 m apart.
Plantation monitoring and measurements
We measured survival and growth expressed as the monthly relative growth rate in height (RGR-H) and stem diameter (RGR-D) three times during the first year: at outplanting (before spring growth), before summer (June-July, after shoot elongation and at the early summer drought period), and after summer (September-October, once the late growth period concluded). Survival and growth were also measured in the spring (May) of the third year for all sites. By this way, the first 3 years of growth and the first two summer periods were recorded; sufficient data to evaluate early plantation performance (Landis et al. 2010) . Appending 1, 2, 3, or T to the RGR variables indicate the measurement period:
(1) corresponds to growth from first to second assessment, (2) from second to third assessments, (3) from third to fourth assessments and T (total) from first to fourth assessments. Seedling height was measured to the nearest 0.5 cm from soil to the terminal. Seedling stem diameter was measured at 1.0 cm above the soil surface. Survival was assessed by determining the status (alive or dead) of each individual.
Statistical analysis
Geographic and climatic variables with recognized influence on ecotypic variation of Mediterranean pines (Climent et al. 2008; Voltas et al. 2008) were selected (Tables 1, 2) to calculate the transfer distance from the trial site to the corresponding seed source native site (Aitken et al. 2008; Reich and Oleksyn 2008; Benito-Garzón et al. 2011) . Correlations between measured (growth and survival) and seed sources (geographic coordinates, climatic variables and transfer distance) variables were determined based on the coefficient of Pearson. Seed sources from seed orchards (Alaquàs and El Serranillo) were excluded in these analyses (n = 9) because they are grown from various sources. The Kaplan-Meier method (Kaplan and Meier 1958) was used to compare the survival functions of the different seed sources on a site basis. The statistics of LogRank, Breslow and Tarone-Ware were used to detect significant differences either among overall seed sources or for pairwise comparisons when significant differences appeared. The initial seedling height was not homogenous among seed sources (in spite of the nursery experimental design), which can affect field performance (del Campo et al. 2011) . To control for this factor, initial height was introduced as a covariate in a Cox prediction hazard model together with the categorical predictor (seed source), resulting in this variable having no significant influence on the survival function. Regarding growth, differences among seed sources were tested on the RGR-H and the RGR-D, determined every two consecutive measurements, as well as the overall RGR value (last and first measurements). For this purpose, a multivariate analysis of variance (MANOVA) using the Wilks' Lambda statistic was performed on all RGR variables (height and diameter) as dependent variables and block and seed sources as factors. Follow-up analyses (ANOVA) were performed to assess whether differences among groups on the population means for each dependent variable were significant. Post-hoc comparisons of means were made using Tukey's test. In all cases, data were examined for normality and homogeneity of variances and identified for any violations of assumptions. Variance components estimation was performed to partition the phenotypic variance into its seed source, site and seed source by site components using the restricted maximum likelihood procedure for all the measured traits and was expressed as a percentage of variation explained by each fact.
Multivariate screening of seed sources was carried out to make additional comprehensive assessments of the overall performance. Canonical discriminant analysis was used to summarize the intra-site among seed sources variability on survival (mean survival time, first post-winter, first post-summer and final survival) and growth (final height, final diameter and RGR for the first spring (1), first summer (2) and total period (T)) traits showing statistically significant differences between seed sources at the considered site according to ANOVA analyses. The multivariate generalized distances of Mahalanobis were computed later on the same variables used for the multivariate analysis and were used to cluster seed sources into groups with similar performance in terms of growth and survival. The agglomerative hierarchical clustering procedure based on Ward's method was used. Data were analysed with SPSSÓ 17.0 at a significance level of p value \ 0.05 for all analyses.
Results
Climate variation among sites
Climatic variables in the three experimental sites during the first and second years after planting showed some deviation from their historical means (Table 2) , although the underlying hypothesis for this work was maintained that temperatures and precipitation in La Hunde were more suitable for the species than Granja d'Escarp (dry) and Tramacastiel (cold) (Gandullo and Sánchez-Palomares 1994) (Table 2 ). For instance, seedlings grown in the dry site of Granja d'Escarp received only 310 mm in 2011, which falls into the marginal value of precipitation for Aleppo pine (\10 % of the Spanish populations of Aleppo pine grow in this threshold). Contrary, in the cold site of Tramacastiel, mean temperatures in the first year were considerably below the historical record, reaching a monthly average of lows of -3.2°C in January 2010 (0.16°C in March when plantation was finished), whereas summer drought was mitigated in this site.
Plantation performance
Decomposition of variance indicated that site was the most important factor affecting survival and growth traits (total variation attributed to site ranged from 84.6 to 99.8 %). However, seed-source effects and the seed sources by site interaction explained an extremely low proportion of the total variance (Table 3) .
Survival response
Seedling survival varied considerably among sites (Fig. 1 ). La Hunde seedlings had the highest final survival among sites (93 %), with a mean survival time of 26.4 months over 28 and no significant differences in the Kaplan-Meier analysis. In the pairwise comparisons, however, the statistics differed significantly between the survival of 'Litoral levantino' (lowest survival at the end of this study, 85 %) and other seed sources with final survival more than 93 % (Fig. 1) . Survival rate was maintained up to 94 % throughout the first year (2010) at Granja d'Escarp site. However, survival decreased by the spring of 2012 (third year) to an average of 77 %; the mean survival time in this site was 23.2 months out of 28 months. Survival among seed sources differed (p value \ 0.01); 'Ibérico Aragonés' and 'H.S.El Serranillo' had lower survival (68 %) than 'Litoral Levantino' and 'La Mancha' (84 %) ( Fig. 1) . At Tramacastiel, survival decreased for all seed sources after the first winter of plantation (51 %), and no additional mortality was observed during the first summer at this site. A further decrease till an average of 38 % was recorded between October 2010 and May 2012. Differences among survival for seed sources were highly significant (p value \ 0.001), with 'H.S. El Serranillo', 'Alcarria' and 'Levante interior' showing the highest survival after the first winter (about 60 %) and 'Ibérico Aragonés' and 'Bética Septentrional/Sur' showing the lowest survival (about 35 %) (Fig. 1) . The mean survival time was 13.8 months out of 28 months. In general, 'Levante Interior', 'La Mancha' and 'H.S. El Serranillo', showed the best inter-site survival, whereas 'Ibérico Aragonés', 'Bética Septentrional/Sur' and 'Cataluña' showed the highest inter-site mortality. Significant correlations between climatic variables (Table 1) 
Growth response
Relative growth rates differed according to site and time (Fig. 2) . During the first summer, RGR-H was greater on the coldest site, Tramacastiel, than on La Hunde and Granja d'Escarp by at least 0.080 cm cm -1 month -1 ; for La Hunde and Granja d'Escarp, maximum RGR-H was reached during the first spring (RGR-H1: 0.038 and 0.020 cm cm -1 month -1 respectively), although, they were lower than those at Tramacastiel (RGR-H1: 0.057 cm cm -1 month -1
). Consequently, RGR-HT at Tramacastiel was two to three times higher than La Hunde and Granja d'Escarp, respectively. RGR-D showed similar site and temporal patterns (Fig. 2) Fig. 1 Temporal survival of the eleven seed sources of Aleppo pine out-planted on the three trial sites. For each site, seed source abbreviations (see Table 1 ) followed by different letters indicate significant differences (p value \ 0.05) in survival month -1 ) for the first spring (1), first summer (2), from first summer to 3rd May (3) and for the total study period (T) of eleven Aleppo pine seed sources out-planted on three contrasting sites. Within the same variable and site, different letters indicate significant differences at p value \ 0.05 (letters for RGR-H/D3 are not shown). Seed source abbreviations shown in Table 1 New Forests (2014) 45:603-624 613 tests showed that RGR-D differences were only due to the first spring rate (RGR-D1) at La Hunde and Granja d'Escarp and the RGR-DT (total) in Granja d'Escarp (Table 4 ; Fig. 2 ). Moreover, total growth rates (height and diameter) between 'Maestrazgo-Los Serranos' and 'Ibérico Aragonés' planted in Tramacastiel were significantly different. Thus, only height growth differed among seed sources. In La Hunde, the ranking was almost constant, with 'H.S. El Serranillo', 'H.S. Alaquàs' and 'Alcarria' showing higher performance (height and diameter growth) across time than 'Cataluña' and 'Ibérico Aragonés'. In Granja d'Escarp, temporal differences were less constant, although 'Bética septentrional/ sur', 'La Mancha' and 'Maestrazgo-Los Serranos' showed better growth performance than 'Los Monegros Depresión del Ebro', 'Litoral Levantino', 'Cataluña' and 'Ibérico Aragonés'. Significant correlations were found between climatic variables from Table 1 and growth on the three sites. In the core habitat, La Hunde, height growth during the first summer (RGR-H2) was significantly correlated with mean maximum daily temperature of the warmest month (p value \ 0.05*) whereas RGR-D2 showed opposite correlations to those found for post-summer survival in this site: altitude (-), annual mean temperature (?) and mean maximum daily temperature of the warmest month (?). In the marginal dry habitat of Granja d'Escarp, there were negative correlations between height growth and latitude (RGR-H1, p value \ 0.05; RGR-H3 and RGR-HT, p value \ 0.01) and height growth and longitude (RGR-H2, RGR-H3 and RGR-HT, p value \ 0.05). In addition, diameter growth (RGR-D1, RGR-D3 and RGR-DT, p value \ 0.05) was positively correlated with latitude transfer distance and negatively correlated with altitude and longitude transfer distance. In the marginal cold habitat of Tramacastiel, there was a negative correlation between height growth and latitude (RGR-H3, p value \ 0.05) and between diameter growth and altitude (RGR-D2 and RGR-D3, p value \ 0.05).
Survival(%)
Multivariate screening of seed sources
Canonical discriminant analysis (CDA) was performed for each site on survival and growth traits (Fig. 3) . In the three cases, the first canonical axis, Can1, had higher discriminant power (more than 50 %) than the second one, Can2.
Seed sources outplanted at La Hunde were separated by Can1, accounting for 81.5 % of the variability. RGR-H accounted for 84 % of the variability whereas RGR-HT was responsible for 48 % of the variability. A clear separation among seed sources can be observed according to this axis: 'Maestrazgo-Los Serranos', 'Cataluña', 'Bética septentrional/sur' and 'Ibérico Aragonés' are on the right side of the axis while 'H.S. El Serranillo' and 'H.S. Alaquàs', characterized by the highest growth rates, appeared on the opposite side. Separation on Can2 (10.3 % of variability) was explained mostly by stem diameter variation (39.6 %) from the whole variability (r 2 = 0.87**), while RGR-H explained about 20 % (r 2 = 0.4*). 'Alcarria' and 'Maestrazgo-Los Serranos' manifested a high stem relative growth rates and appeared on the opposite side of 'Cataluña', and 'Ibérico Aragonés' seedlings.
Can1 described around 61 % of the whole variability of growth and survival observed in the dry and warm site of Granja d'Escarp. Around 46 % of this variability was due to height growth (RGR-HT: 26 % and RGR-H2: 19 %), while 27 % of the whole variability was due to survival variations among seed sources (survival time: 14.5 % and rate: 13.5 %). 'Maestrazgo los Serranos', 'Litoral levantino' and 'Bética septentrional/sur' manifested higher relative growth rates and appeared on the right of the axis, whereas 'Cataluña', 'Los Monegros Depresión del Ebro' and 'Levante interior', with lower (181) RGR-H and RGR-D were measured during first spring (1), first summer (2), second/third year (3), and overall (T, Total growth). performance, are on the left side. Can2 (17.7 % of total variability) was described by total height relative growth rate (30 %) and did not show a clear seed source separation. At the cold Tramacastiel site, Can1 explained 52.3 % of the total variability and was positively correlated to survival traits (r 2 = 0.26, 38 % from 52.3 % of variability) and negatively correlated to height (r 2 = -0.5*, 42 % from 52.3 % of variability) and stem relative growth rates (r 2 = -0.4*, 20 % from 52.3 % of variability). 'Bética septentrional/ sur' seedlings had greater RGR-HT than 'Los Monegros/Depression del Ebro' and 'Ibérico Aragonés' seedlings. Can2 (24.8 % of total variability) explained seedlings' survival by 80 % (r 2 = 0.69**). 'H.S. El Serranillo' (high time and rate of survival) appeared close on the axis to 'Levante interior' and 'La Mancha' while 'Litoral levantino', 'Cataluña' and 'Ibérico Aragonés' seed sources characterized by low survival were opposite.
Dendrograms constructed using the Mahalanobis distances between pairs of seed sources revealed many similar associations (Fig. 4) . Similar distances demonstrated by seed sources indicated similar performance of their seedlings in the site when measured variables showed significant differences. In the core habitat of La Hunde, seed sources are divided into two main groups. The first group was characterized by seed sources with higher height and moderate diameter growth ('H.S El Serranillo' and 'H.S Alaquàs') or by moderate height and higher diameter growth ('Levante interior', 'Litoral levantino' and 'La Mancha' subset). The second group was characterized by lower height growth and moderate diameter growth. 'Alcarria' and 'Maestrazgo-Los Serranos' emerged as single clusters in the second group, even though they had better survival and growth (high, moderate and low magnitudes are presented in Fig. 2) .
In Granja d'Escarp, 'Maestrazgo-Los Serranos' (good growth and survival scores) was separated from the other seed sources, leaving two groups. One group included seed sources with moderate to good performance ('Bética septentrional/sur', 'La Mancha' and 'Litoral levantino') and the other group included seed sources with bad to moderate performance ('Ibérico Aragonés', 'Los Monegros Depresión del Ebro' and 'Cataluña'). 'Levante interior', which had good survival and growth, appeared connected to the latter group, probably due to its low summer height growth.
In Tramacastiel four groups emerged. The first group comprised 'Ibérico Aragonés' and 'Los Monegros Depresión del Ebro' seed sources characterized by lower performance (survival and growth). The second set included 'Alcarria', 'Levante interior', 'La Mancha' and 'H.S El Serranillo', which manifested higher survival rates with good growth. The third set including 'Litoral levantino', 'Cataluña' and 'H.S Alaquàs' showed lower survival and growth than the previous group. The fourth cluster included the remaining seed source 'Bética septentrional/sur' which had the lowest survival rate in the site despite suitable growth.
Discussion
We analyzed the variability in growth and survival among eleven Aleppo pine seed sources and their phenotypic plasticity across three contrasting environmental sites in eastern Spain for subsequent assisted migration to expected climate change. Site was the most important factor affecting growth and survival reflecting that high phenotypic plasticity is widespread in this species. However, seed-source effects and the seed sources by site interaction explained low proportion of the variance, indicating a similar plastic response among seed sources. Phenotypic plasticity allows species to live across a wider range of environments than those with stable phenotypes (van Kleunen and Fischer 2007; Aitken et al. 2008; New Forests (2014) Dendrograms based on Mahalanobis distances using clustering Ward's method among eleven Aleppo pine seed sources at the three trial sites in eastern Spain Schiller and Atzmon 2009 ). Generally, tree species are considered to express moderate to high plasticity in their responses to environmental stress (Climent et al. 2008 ) and studies on some species suggest that plasticity can be highly trait dependent (Aitken et al. 2008; Benito-Garzón et al. 2011) .
As expected, seedlings planted in its core habitat at La Hunde showed the highest final survival (93 %) in contrast to seedlings grown at the two sites representing marginal habitats. Our results for Aleppo pine at La Hunde were similar to that previously reported for this area (del Campo et al. 2007a, b) . Survival differences were minimal, although seed sources from colder and higher altitude provenances survived more (Tables 1, 2) . Growth difference among seed sources was significant at La Hunde, with trees from warmer provenances having faster growth rates than those from cooler provenances. Similar finding was found by Climent et al. (2008) . This trade-off between cold tolerance and growth potential has also been observed in different populations of other conifer species, such as Pinus taeda (Schmidtling 1994) and Pinus contorta (Rehfeldt et al. 2002) . Pinus patula populations differed significantly for seedling growth and exhibited a significant although weak altitudinal clinal pattern, with populations from lower altitudes having on average taller seedlings than populations from higher altitudes (Sáenz-Romero et al. 2011) . Environmental stress response usually prompts plant cells to use energy that would otherwise be used for growth. So, surviving under stressful conditions usually results in a concomitant penalty, that is, reduced growth (Aitken et al. 2008) . Several descriptions of molecular or physiological processes show that a response to stress hinders growth and vice versa, both in model organisms and in plants (Mulet et al. 2006 ). In our case, provenances moved from slightly different transfer distance metrics were the best performers. Longer growing seasons, as those observed in La Hunde in 2009 and 2011 (not shown), would have favoured seed sources from warmer provenances, although freezing events that likely occurred at this site could have decreased survival. In this sense, seed sources that were genetically improved (both seed orchards) or from this site ('Levante Interior') or from neighbouring regions with similar conditions ('La Mancha') could be the best choice for optimum reforestation results (early performance). Incidentally, these seed sources are grouped together according to their overall performance (Figs. 3, 4) . 'Litoral levantino' was also included in this group but survived poorly; thus, it is not recommended for this site.
The environmental conditions of the marginal dry site Granja d'Escarp led to a high differentiation among seed sources in survival and growth. In contrast to La Hunde, differences in survival among seed sources were related more closely to the ability of seedlings to cope with dry and warm conditions (Villar-Salvador et al. 2012) . These responses could also be partially linked to latitude of seed sources (Table 1) . Similarly, Pinus sylvestris, exhibits clinal trends associated with the latitude of seed origin (Persson 1994) . Clinal variation in Aleppo pine in relation to latitude does occur (Agúndez et al. 1997; Climent et al. 2008) . Growth rates were the lowest on this site. Our results show that growth performance of the seed sources were not opposite to that of survival (as occurred in La Hunde). In fact, correlations between performance and origin characteristics yielded the same result for either growth or survival: seed sources from lower latitudes performed best. This finding was expected as the distribution area of Aleppo pine in Spain presents a clinal increase of aridity towards the South, indicating that southern seed sources would perform better in drier and warmer sites (Ferrio and Voltas 2005; Aitken et al. 2008; Reich and Oleksyn 2008) . In our data set, latitude and summer precipitation were significantly correlated (p value \ 0.05, not shown); moreover, in the specific harsh conditions of Granja d'Escarp (not representative from the larger Cataluña's provenance region, see Tables 1 and 2 ) the home provenance survived and grew less than the other seed sources. Growth needs to be coupled to the functional traits allowing a plant to survive in waterrestricted environments. As a consequence, seedlings may significantly reduce height and diameter growth as an adaptive strategy (Voltas et al. 2008) . This is known to occur in other Pinus species, e.g. P. sylvestris and P. taeda (Cregg and Zhang 2001) . Previous experiments involving the exposure of Aleppo pine to water stress resulted in decreased stem volume growth and aboveground biomass in association with decreased carbon assimilation rates (Villar-Salvador et al. 2012) . Tognetti et al. (1997) reported similar results in Aleppo pine, with drought resistance (higher leaf conductance and transpiration rate) increasing from mesic to xeric sites of origin in water-stressed seedlings, but without geographical discrimination in well-watered seedlings. Less favourable growing conditions could enhance intraspecific differences between seed sources (Voltas et al. 2008) . Populations are locally adapted when they have their highest relative fitness at their provenance sites and lower fitness in other parts of their range (Soto et al. 2010) . Our results show that populations do not always present higher average fitness when grown under environmental conditions similar to those in their original provenance region. Multivariate grouping of seed sources at Granja d'Escarp is an example of how local provenances ('Cataluña', 'Ibérico Aragonés' and 'Monegros Depresión del Ebro') might be less suitable in environments expected to get drier and warmer due to climate change (Potter and Hargrove 2012; Williams and Dumroese 2013) . Granja d'Escarp is characterized by lower precipitation (annual and summer) than the average of its provenance region, a fact that could be the general case with climate change. Precipitation is the main factor influencing growth of pines species planted in semiarid Mediterranean conditions (Atzmon et al. 2004; Schiller and Atzmon 2009; Villar-Salvador et al. 2012) .
In Tramacastiel, the high seedling mortality during the first winter, regardless of seed source, was important. This mortality was attributed to the minimal temperatures recorded immediately after outplanting in February (average: -3.2°C; range -7.8 to 4.8°C) and March 2010 (average: 0.16°C; range -7.2 to 4.1°C); such temperatures are known to affect establishment of Aleppo pine (Puértolas et al. 2005) . Extreme winter temperatures cause frequent freeze-thaw events, which induce xylem embolism and frost drought (Mayr 2007) . Our results indicate that a good choice of seed source can increase survival by 20 %. Although no correlations were found between the environmental conditions of the seed source origin and survival on this site, 'H.S. El Serranillo', 'Alcarria' and 'La Mancha' yielded good survival and they are originally from continental areas with the lowest minimum temperatures during the coldest months. In fact, the ecological constraints of Tramacastiel (altitude, low winter temperature, continentality, etc.) closely resemble those found for 'H.S. El Serranillo', 'Alcarria' and 'La Mancha' than those of the corresponding Aleppo pine region 'Maestrazgo-Los Serranos'. In turn, growth differences among seed sources were minimal and correlations indicated reduced height growth (RGR-H3) with increasing origin latitude. A remarkable finding was the low mortality in the first summer coupled with very high RGR (H2 and D2), usually, mortality peaks and growth decreases for outplanted seedlings during the summer (del Campo et al. 2007a, b) . Also, the sustained (long term) RGR-HT doubled and tripled that of La Hunde and Granja d'Escarp, respectively. This is mainly attributed to the lack of summer drought and the subsequent favourable growth conditions on this site thus pointing to its marked influence in the growth of the species (Matesanz and Valladares 2013) . Ontogenetic variation might also contribute to the phenotypic variation of growth (Climent et al. 2008) .
The previous knowledge (Agúndez et al. 1997; Atzmon et al. 2004; Climent et al. 2008; Voltas et al. 2008; Schiller and Atzmon 2009 ) on the geographic variation of P. halepensis has led to expect an ecotypic differentiation for survival and growth performance. Our results have shown an intraspecific variability in the expression of the measured traits: low survival differences along with high growth variation among seed sources were found in the core habitat against an opposite pattern in the marginal cold habitat. However, the harsh environmental conditions of the marginal dry habitat led to high differentiation for both survival and growth among seed sources. This is implying clearly the need to assist the migration of the species under predicted climate change conditions (Aitken et al. 2008; Williams and Dumroese 2013) . Some traits might vary in their sensitivity to the environment being more plastic than others (Matesanz and Valladares 2013) as was the case in our experiment where not only phenotypic plasticity but also variation among seed sources was higher for the considered traits at each situation of core and marginal habitats. Ecological marginality can reduce ecosystem resilience under adverse climate conditions (Rehfeldt et al. 2002) , although high phenotypic plasticity could be expected for species subjected to greater variation in precipitation and extreme temperatures (Sultan and Spencer 2002; van Kleunen and Fischer 2007) .
Survival is regarded as one of the key variables when analysing tree provenance trials because it indicates the adaptability of the provenance to the environment at the trial site. It should be noted that survival reflects only the conditions experienced during the first years of the trial and not necessarily the climatic extremes and conditions that may be experienced during the life-span of a tree (Raebild et al. 2003) . Regarding growth, tree height is considered an important variable in the evaluation of species and provenances (Bariteau 1992) ; height may be seen as a measure of the adaptability of trees to the environment, such that tall trees are better adapted to the site than short trees (Raebild et al. 2003) . This interpretation need not always be true, however, as examples exist where the tallest provenances are suddenly stressed and subsequently die-off (McDowell et al. 2008 ). Stem diameter is often used as a measure of the productivity of stands because it is correlated to radial growth and wood production (Raebild et al. 2003) . By using these variables we were able to determine which seed sources, from different provenances, may have the highest chance to succeed in a reforestation programme under the selection pressure of future climate change throughout the assisted migration. Population structure is expected to determine species behaviour (Benito-Garzón et al. 2011) , in this case, the use of plasticity and genetic differentiation among populations for adaptive transfers and assisted migration would be critical to improve efficiency in reforestation programs under conditions of global warming.
Conclusions
Our results indicate that ecological constraints present on our trial sites drove the overall response of seed sources, with those belonging to regions of similar ecological (climate) constraints performing better, independently of the proximity or vicinity between trial site and provenance regions. The use of local seed sources or qualified seeds seems more reliable on sites where conditions of core habitat remain and are present (i.e. local seed sources are best under local climate conditions). As climatic conditions (temperatures and precipitation) shift to more marginal habitats, however, seed sources from climatically similar regions could perform better than local sources, at least in the short term. In this sense, new plantations in areas already affected by global change (high and consistent deviation from historical climate records) could be better adapted if they use alternative seed sources.
The differences in survival and growth found in our study among some seed sources at each site during the experiment indicate a high phenotypic plasticity within this species and that these parameters were partly conditioned by the specific genetic status of each seed source. At the same time, some variables did not differ significantly among other seeds sources, indicating that the differences in genetic constitution were masked by the effect of site conditions. However, seed source and seed source by site interaction indicated a similar plastic response among seed sources.
The results suggest that it is difficult to predict the performance of Aleppo pine provenances under different natural sites from their known performance at a single location. However, this study only encompassed a very limited and specific set of likely future scenarios for reforestation with Aleppo pine, that coupled with the variation within this species and local adaptation understanding, provide evidence to screen a broader spectrum of conditions in order to provide specific recommendations and to significantly improve the ability of the selected trees to survive under unfavourable conditions. Even though the use of seedlings from groups of performing seed sources, we can conclude that 'Levante interior' and 'La Mancha' seedlings showed the best overall response and may be used for reforestation in contrasting environments similar to those tested here. Seed sources from southern provenances are more specifically suited for sites adversely affected by climate change. Also, the present study clearly emphasises the need for broad selection programs for Aleppo pine on the molecular level. The genomic approaches are becoming necessary to confirm our findings and to aid in selecting climatically appropriate genotypes.
